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VIBRATION AND SHOCK TEST REPORT FOR THE H1616-1
CONTAINER AND THE SAVANNAH RIVER
HYDRIDE TRANSPORT VESSEL

Allen R. York, Il and Brian J. Joseph
Advanced Systems Department

Sandia National Laboratories
Albuquerque, NM 87185

Abstract

Sandia National Laboratories performed random vibration and shock tests on a tritium hydride
transport vessel that was packaged in an H1616-1 container. The objective of the tests was to
determine if the hydride transport vessel remains leaktight under vibration and shock normally
incident to transport, which is a requirement that the hydride transport vessel must meet to be
shipped in the H1616-1. Helium leak tests before and after the vibration and shock tests showed
that the hydride transport vessel remained leaktight under the specified conditions. There were no
detrimental effects on the containment vessel of the H1616-1.

3/4



Table of Contents

1. INETOAUCTION ..ceeiiiiireecreeciee ettt st st et st e et satsssae st et sesabesaae s et s sbns sussasssassssessnssrssassssns 7
2. Test Requirements eeeenee e st e e ee ettt ettt 7
3. TESERESUILS ...oovieieieieirreieseeeeeeeeseeeeseeerneresseesesesseescsasesssnsestessnsseesssnceseenssssosssnnossssssssesssnensss 9
4. REFETENCES ...ooeuveieieeieecectcoeert et enteentesteestetessee st e sasasessaeseastsrsssasssstessneseeessesassaresassrnssnssssnossrons 12
Appendix A - Purchase Requisition No. D88600 including Statement of Work .......coccevvvininnnen. 13
Appendix B - Plan for Testing the H1616 and the Savannah River Hydride Transport Vessel ...20
Appendix C - Test Data Sheet and Test NOIES ......cocevuiiriiiieniniinniinniininneinenienieniesseseessssens 28
Appendix D - Control Accelerometer Data ...........ooccvciviivcninniinnninninninimicnieensn 31

DISIIDULION ...eeeeeieiieriiiiiiiiiieeieereesesessssssssossssssssssessassssnsesssseseessssssssssssssssssssosssssssssssssssanssssssssasnnssssss 37

List of Figures

Figure 1. H1616-1 Shipping CONtaINeT .......ccocveeniimiiniiiiiiiniioissiiissesssneemsessnsomeiiessess 8
Figure 2. (a) HTV, (b) Initial Leak Testing of the HTV ......cccovcvvvnniiriiinnnnininiiiiciiiniinecen, 10
Figure 3. (a) Pressurization of the HTV, (b) H1616-1 Mounted on the Vibration Table ............. 11

5/6



VIBRATION AND SHOCK TEST REPORT FOR THE H1616-1
CONTAINER AND THE SAVANNAH RIVER
HYDRIDE TRANSPORT VESSEL

1 Introduction

Sandia National Laboratories performed vibration and shock testing on an H1616-1 production-
type shipping container (Figure 1) loaded with a Hydride Transport Vessel (HTV) as the contents.
This testing was performed according to the Work Scope which formed part of the Savannah
River (SR) purchase requisition No. D88600 (Appendix A). This report documents the vibration
and shock tests and results.

2 Test Requirements

The basic test requirement is that the HT'V be exposed to vibration and shock normally incident to
transport and subsequently be evaluated for leakage. To meet this requirement, a full-scale
H1616-1 and a full-scale HTV were assembled together, and simulated transportation environ-
ments were input to the H1616-1. Thus, the HTV experienced environments transferred through
the H1616-1 as will occur in an actual shipment. For use in the H1616-1, the HTV must remain
leaktight to < 1 x 1077 std cc/s helium during and following exposure to these normal environ-
ments.

Transportation environment test specifications such as road and air transport vibration and shock
are listed in Transportation Environments of the AL-SX (H1616) [1]. These test specifications and
test durations were compiled into a test plan that served as the test control document (Appendix
B). The durations that were used for the tests represent the worst-case durations as determined by
SR.

Testing was performed with the H1616-1 in a vertical orientation, which is the orientation used
for shipment. Vibration test duration was that to which an HTV would be exposed for transport
from the user to the final destination including all foreseeable air flights, takeoff/landings, and
transfers. Since the HTV is free to migrate inside the containment vessel of the H1616, only the
initial orientation was known. However, the HTV received excitation in many different orienta-
tions due to the migration, just as would occur in an actual shipment.

Prior to the tests, the HTV was pressurized to ~212 psia with helium. The H1616-1/HTV assem-
bly was subjected to a total of 30 hr 10 minutes of random vibration and 16 handling shocks as
described in Section 5 of the test plan (Appendix B).
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3 Test Results

The test sequence check sheet controlled the test activities and was completed appropriately
(Appendix C). Steps 1,2, and 3 were done in the following order: 3 first, 1 second, and 2 third
because the leak test had to be performed before the HTV was pressurized with helium. This
change in the procedure was necessary and had no bearing on the test results. The test technician
completed leak testing, pressurization, and assembly of the HTV (Figure 2 & Figure 3(a)) and
H1616-1 container. The valves on the HTV were torqued to 3012 in. 1b during assembly.

Department 2761-5 completed the vibration and shock testing as specified in the test plan (Figure
3(b)). Control accelerometer data is illustrated in Appendix D for the random vibration and shock
tests.

A helium leak test performed on the H1616-1 containment vessel showed that no helium had
leaked from the HTV during or following the tests. Actual leak test data is tabulated in Appendix
C on page 30. Upon opening the H1616-1 containment vessel, the HTV was found in a horizontal
orientation. The pressure of the HTV was also checked to determine if it actually contained the
helium with which it was initially pressurized. The helium pressure was recorded as 9140 Torr
(vs. 11010 initially) as the helium was expanded into an unpressurized volume containing plumb-
ing and the pressure transducer. The difference in pressure is irrelevant as the purpose of this mea-
surement was simply to verify the presence of helium. All components of the HTV were
functional following the tests. As described in Appendix C, minor scratches on the vessel, some
deformed packing material, and damaged plastic bag are expected in a test such as was carried out
and have no detrimental effect on either the function of the H1616-1 or the HTV.



Figure 2. (a) HTV, (b) Initial Leak Testing of the HTV
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Figure 3. (a) Pressurization of the HTV, (b) H1616-1 Mounted on the Vibration Table

(b)
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JUSTIFICATION FOR PERFORMING WORK AT SANDIA NATIONAL

LABORATORY-ALBUQUERQUE

Hydride Transport Vessel Vibration and Shock Testing

The facilities necessary for this work are not available at Savannah River Site or in the local
vicinity. Therefore, WSRC is requesting that the work be done by Sandia National Laboratory—
Albuquerque (SNLA) Organization 5165, hereafter referred to as SNLA. SNLA is qualified to
perform this work based on the following:

1.

1.0

2.0

3.0

16

SNLA originated the qualification requirements and criteria and has implemented them for -
previous testing.

SNLA has the necessary test and and verification capabilides. WSRC does not have the
necessary test capabilities.

SNLA is the design agency for the H1616 packaging, within which the hydride wansport
vessel is to be tested and ulamately packaged.

WORK SCOPE
Hydride Transport Vessel Vibration and Shock Testing

Introduction and Purpose

1.1

1.2

1.3

This work scope covers the vibration and shock testing necessary to qualify the hydride
transport vessel (HTV) for shipment in the Sandia-Albuquerque H1616 packaging.

The Westinghouse Savannah River Company organization L2720 (Packaging and
Transportation Group), hereafter referred to as WSRC, is the requestor for this work.

The activities will be performed by Sandia National Laboratory—Albuquerque (SNLA)
Organization 5165, hereafter referred to as SNLA.

Objective

2.1
2.2

SNLA is to satsfy the requirements of sections 3.0 and 4.0 below.

SNLA is to provide WSRC with the following:

2.2.1 A copy of the WSRC-approved test procedures used to perform this work.
2.2.2 A documented test report describing the test requirements and critena, test

parameters, test procedures, implementation, results, and assessment to the
criteria.

Qualificanon Test Requirements

3.1

Test requirements are as follows:
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3.1.1

3.1.2

Sandia Specificaton $SS§393217, "Reservoir Qualificaton AL-SX (H1616)",
paragraph 3.6, "Vibration" with appropriate scenario.

Sandia Specification $S393217, "Reservoir Qualification AL-SX (H1616)",
paragraph 3.7, "Shock" with appropriate scenario.

3.2 Acceptance criteria are as follows:

3.2.1

3.2.2

Sandia Specification S§393217, "Reservoir Qualification AL-SX (H1616)",
paragraph 3.10, "Acceptance criteria”, further refined as follows:

3.2.1.1 The HTV shall remain leaktight to < 1 x 107 std cc/sec helium
following exposure to the cited qualification requirements.

3.2.1.2 Leakage potentially occurring during testing will be monitor by
determining if the HTV released helium into the H1616 containment
vessel. Acceptance is no helium detected post-test in excess of an
established pre-test background.

The HTV valves, fittings and tubing are to remain operable.

4.0 Qualificatdon Test Description

4.1

4.2

WSRC will provide the HTV, which will be as follows:

4.1.1
4.1.2
4.1.3

4.1.4

The HTV, sketch 1, is approximately 4.5 inches diameter by 10 inches tall,
weighs approximately 10 pounds, and has 2 valves.

The HTV containment boundary is the vessel body and external tubing up to
and including the valve seat seals.

The HTV will be prequalified for 200 psig service by proof testing to 2505
psig. The vessel will be provided unpressurized.

The prototype hydride transport vessel contains no depleted uranium or other
hazardous material. -

Test parameters are as follows:

4.2.1

4.2.2
4.2.3

Testing is to be done in either an H1616-1 or H1616-2 packaging.
4.2.1.1 SNLA is to provide the H1616 container.

4.2.1.2 The H1616 is to serve as a containment and test boundary for any
helium leaked by the HTV during testing.

The HTV is to be packed in a Velostat® bag during shock and vibration testing.
Ambient temperature is to be used. Embrittlement and thermal expansion

stresses will be negligible over a -40C to 71C temperature range for HTV's
austenitc stainless steel construction.

17
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4.3

4.2.4

4.2.5

Tcsddg is to be done with the HTV pressurized to its maximum normal
operating pressure (MNOP) of 200 psig with helium.

Ambient external pressure is to be used. The MNOP assumes this rather than
the actual 513 psig expected in the H1616 during transport.

SNLA'is fo generate a test procedure which will include the following:

4.3.1

4.3.2

433

434

The followin g WSRC personnel are to approve the SNLA test procedure:
4.3.:1 .1 The WSRC engineer coordinating the testing.

4.3.1 2 The WSRC cognizant quality function (CQF) if the procedure is not
approved by a SNLA CQF.

Prcpération:
4.3.2. l. Pressurize and leak test the HTV.

4.3.2.2 If the HTV fails the leak test, SNLA is stop work and notify WSRC
- for disposition.

4.3.2.3 Package the HTV in the H1616.

4.3.2.4 Ensure that the H1616 assembly will retain any helium released from
the HTV and determine the residual helium background.

Test Execution:

4.3.3.1 Perform the vibration and shock testing.

4.3.3.2 The H1616 and HTV containment boundaries must not be disturbed
until post-test leak testing has been performed and, if failed, until
WSRC has been notified and provided disposition.

Post-test evaluation:

4.3.4.1 If any of the following evaluations are failed, SNLA is to stop work
and notify WSRC for disposition.

4.3.4.2 Test for helium in the H1616 to assess if the HTV leaked during
vibration and shock testing.

4.3.4.3 Unload the H1616 and visually inspect the HTY and H1616 for
damage or unusual conditions.

4.3.4.4 Leak test the HTV and verify that the pressurized helium has not been
released.

4.3.4.5 Assess the operability of the HTV fittings, valves, and tubing.
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Sketch 1. HTYV
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HI1616/HYDRIDE TRANSPORT VESSEL TEST PLAN

1 REVISIONS and DISTRIBUTION

Table 1. Issue Summary

Issue Date Comments
A 10/5/92 Original
Table 2. Distribution for Information Copies
Name Organization Copies
A.R. York SNL 5165 1
JM. Freedman SNL 5165 1
R.E. Stinebaugh SNL 5165 1
B.J. Joseph SNL 5165 1
AL-SX File 8.5.5 SNL 5165 1
T.L. Workman SNL 2761-5 1
S. Klenke SNL 2761-5 2
J. Pardo WSRC L0130 1
M.N. VanAlstine WSRC L2720 1
Table 3. Controlled Copies
Copy Rev Date Org. 5165 Project Task
A A B.J. Joseph 5165 Test Support Personnel

The signatures below verify receipt of Controlled Copies of this procedure.

Controlled Copy #1 received by:

22

date:




Rev A, 10/5/92

2 INTRODUCTION

This test plan describes vibration and shock tests that will be performed on an H1616 ship-
ping container. The H1616 packaging will contain a hydride transport vessel (HTV) pressurized
with helium. The objective of the tests is to satisfy Requirements 3.6 and 3.7 in Sandia Specifica-
tion $SS393217, Reservoir Qualification AL-SX (H1616). Thus, the H1616 and hydride vessel con-
tents will be subjected to vibration and shock normally incident to transport and helium leak tests
will determine if the hydride vessel remains leaktight during and following the simulated trans-
portation environments. The hydride vessel, manufactured from stainless steel and standard fit-
tings and valves, is designed and procured by Westinghouse Savannah River Company (WSRC)
and will not contain hazardous materials. The tests are scheduled to begin October 12, 1992.

3 TEST UNIT

The H1616 test unit will be an H1616-1 since this will be the main mode of transport for
the HTV. The total weight of the H1616-1 with the HTV will be ~131 1b.

The HTV (Figure 1) will be supplied by WSRC. The HTV consists of a body of 4.56-inch
maximum diameter which is the pressure vessel. An impact protector that also serves as a lifting
device is welded to the body and protects two Nupro valves and related tubing. The HTV weighs
approximately 10 1b. The HTV will be pressurized to 20015 psig for the tests. The maximum
allowable pressure of the HTV is 945 psig at 600°C, and the HTV used in this test will be proof
tested to 300x5 psig by WSRC prior to shipment to Sandia.

A

Cajon VCR Fittings

Valve - Nupro SS-4H-TW
(1000 psi max)

T 3/8 x 0.065 tube
\ impact protector/handle

A

9.7

<}— 4.56 max

Vessel body,
4” sched 40 pipe caps

v :

Figure 1. Hydride Transport Vessel

not to scale
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The HTV will be filled with steel shot to simulate the contents. Since the HTV will be
totally contained within the H1616 containment vessel, there will be no hazard if the HTV
releases its pressure. The H1616-1 containment vessel is rated for 324 psig per the ASME Boiler
and Pressure Vessel Code, and has a burst pressure of 1014 psig.

4 TEST REQUIREMENTS

The test requirements are generated from the transport scenario listed in Table 4. The sce-
nario was developed by WSRC and is specific to the HTV.

Table 4. Transport Scenario

From To Transport Mode/Duration

Facility 1 Facility 2 Road /8 hr

Facility 2 Airport 1 Road /1 hr

Airport 1 Airport 2 Air /3 hr

Airport 2 Airport 3 Air /3 hr

Airport 3 Airport 4 Air /3 hr

Airport 4 Airport 5 Air /8 hr

Airport § Airport 6 Air /3 hr

Atrport 4 Interim Storage Road / 45 min

The transport scenario listed in Table 4 is translated into specific transportation environ-
ments listed in Table 5. Since the HTV can migrate into any position in the H1616 containment
vessel, only vertical vibration and shock spectra shall be used. The vertical spectra are, in general,
more severe than those in the longitudinal or transverse directions.

Table 5. Transport Environments

Transport Environment Test Duration Test Specification®
Road 9.75 hr Figure A.1, vertical
Aircraft Cruise 20.0 hr Figure A.6, vertical

Aircraft Takeoff/Land 5 sequences @ S min ea | Figure A.7, vertical

Handling Shock 16 shocks Handling Shock, vertical®

2 See Appendix A of SAND91-2204 for these figures.
b This shock is defined in the Dept. 2761 computer for generating shocks.
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5 VIBRATION and SHOCK TESTS

5.1 Test Parameters

A total of 30 hours 10 minutes of vibration testing and 16 shocks shall be conducted by
Department 2761, Environmental Test Department, at the vibration facility in Building 860. The
H1616 shall be secured to the vibration table in the vertical configuration. Testing shall be done at
ambient temperature. The testing can be conducted in any order.

Table 6. Test Sequence Steps

Step Description

1 Pressurize HTV with 200£5 psig helium.

2 Secure HTV in a velostat bag with tape.

Perform A3.10.2 pressurized envelope leak test on HTV. Evacuate HTV and expose
exterior to a tent of helium while monitoring the MSLD.2

4 Load HTV in H1616 with longest dimension vertical.

Perform evacuated envelope helium leak test on the HTV while in the H1616. The
H1616 will act as a bell jar.2

Complete assembly of the H1616 containment vessel and perform post load
innerseal pressure rise leak test. Assemble H1616 overpack.

7 Transport H1616 to test facility in Building 860.

8 Conduct vibration and shock test.

9 Transport H1616 to building 809.

Perform innerseal pressure rise leak test to verify integrity of the H1616 contain-

10 ment vessel following the tests.

Hook MSLD up to H1616 and monitor for helium. This step checks the leaktight-

111 hess of the HTV during and following the tests.?

12 | Disassemble H1616, remove and inspect HTV for damage or unusual conditions.?

13 | Verify that there is pressure in the HTV.2

14 | Vent HTV and inspect for damage.?

15 | Verify function of valves and fittings on the HTV2

® Hold point, if HTV fails evaluation notify WSRC.
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5.3 Data Requi i .
Accelerometers used to gather data shall have a valid calibration certificate.

Department 2731 shall provide the following:
+ one PSD plot for each vibration run with a unique input,
» one shock response spectrum plot for the shock tests.

Calibrated transducers shall be used for data acquisition.

Department 5165 shall photograph the test setup during the tests and the HTV folldwing
the tests. A test report including all test documentation will be prepared and distributed to WSRC.

6 HTV LEAK TEST EVALUATIONS

The attached data sheet shall be completed by Department 5165 personnel. The MSLD
used for leak testing and associated equipment shall have valid calibration certificates. Existing
Department 5165 approved leak test procedures will be used.

6.1 Pretest Helium Leak Test

As listed in Table 6, two leak tests will be conducted on the HTV prior to the tests. The
first shall be a pressurized envelope test where the MSLD is connected to the HTV, and the HTV
is evacuated. When the pressure drops to the operating level of the MSLD, the exterior of the
HTV will be surrounded by a tent of helium. The MSLD will be put in the test mode, and the
appropriate data recorded.

The second leak test will be a bell jar type leak test on the HTV, and will be conducted
after loading the HTV into the H1616 containment vessel. The containment vessel will be evacu-
ated which will subject the exterior of the HTV to a vacuum. A leak in the HTV will be detected
by the MSLD via the valve and quick connect on the H1616 containment vessel.

Acceptance of all helium leak tests requires a leak rate less than or equal to 1 x 107 std cc/
s helium.

6.2 Posttest Helium Leak Test

The bell jar type leak test will be repeated following the vibration and shock tests to deter-
mine if the HTV leaked during or following the tests.
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Date:
H1616 s/n:

H1616/HTV TEST DATA SHEET

HTYV s/n:

Table 7. Test Sequence Check Sheet

Rev A, 10/5/92

Completed by:

Step | Description Enter Data or initial
complete

1 | Pressurize HTV with 2005 psig helium. pressure:

2 | Secure HTV in a velostat bag with tape.

Perform A3.10.2 pressurized envelope leak test on HTV. MSLD calibrated:

3 | Evacuate HTV and expose exterior to a tent of helium
while monitoring the MSLD.? HTV leak rate:

4 | Load HTV in H1616 with longest dimension vertical.

5 Perform evacuated envelope helium leak test on the HTV .1;4,0 ?;?e:f;:?wd:
while in the H1616. The H1616 will act as a bell jar.? :
Complete assembly of the H1616 containment vessel and ressure rise

6 | perform post load innerseal pressure rise leak test. Assem- fc ak rate:
ble H1616 overpack. '

7 | Transport H1616 to test facility in Building 860.

8 | Conduct vibration and shock test.

9 | Transport H1616 to building 809.

10 Perform innerseal pressure rise leak test to verify integrity | pressure rise
of the H1616 containment vessel following the tests. leak rate:

Hook MSLD up to H1616 and monitor for helium. This MSLD calibrated:

11 | step checks the leaktightness of the HTV during and fol-
lowing the tests.? HTV leak rate:
Disassemble H1616 and remove and inspect HTV for

12 . a
damage or unusual conditions.

13 | Verify that there is pressure in the HTV.2 pressure:

14 | Vent HTV and inspect for damage.?

15 | Verify function of valves and fittings on the HTV@

2 Hold point, if HTV fails evaluation notify WSRC.

27



28

Appendix C - Test Data Sheet and Test Notes



B. J. Joseph - 5165 October 20, 1992

Savannah River Hydride Transport Vessel
Disassembly Notes

Overpack and Insert Cover
The exterior surface of the overpack appeared as they did prior to the vibration test. The
locking ring bolt and nut were still tight and the lead seal was still in place.

The interior surfaces of the overpack appeared as they did prior to the vibration test.

- The top surface of the insert cover appeared to have small scratches. The scratches
appeared circular (as though the insert cover had rotated).

Containment Vessel
The exterior surface of the containment vessel appeared as it did prior to the vibration
test.

The lid bolts remained torqued and the interior surface appeared as it did prior to the
vibration test.

The interior sides of the containment vessel body had some areas that appeared polished
and other marks that appeared to be caused by rotation. The radial marks appeared ~2
1/2" down from the flange to ~5" down and the polished area was from there to the start
of the bottom radius. There were a few marks on the very bottom of the vessel and some
residual aluminum and plastic particles.

Packing Shells
The packing shells were highly polished and a few showed signs of possibly being worn
and deformed.

Hydride Transport Vessel

Packing shells were removed to locate the vessel. The vessel had migrated to the bottom
of the H1616-1 containment vessel body. The vessel was positioned horizontally in a
position where the top and bottom edges were probably resting on the bottom radius of
the H1616-1 cavity.

Velostat Bag

The velostat bag was still enclosing the vessel, however, portions of the top and bottom
edges of the vessel had worn through and there were areas around both valves where the
plastic was worn through. The packing shells had indented and distorted the remainder of
the bag surface.



H1616/HTV TEST DATA SHEET

Date: Oct 92

H1616s/n: | id:SBT-X0203
Body:SBT-X0201

Table 7. Test Sequence Check Sheet

Completed by: B
HTV s/n: Proto #3

Rev A, 10/5/92 -

.J. Joseph

S . Enter Data or initial
Step Description
complete
12| Pressurize HTV with 200£S5 psig helium. pressure: \\‘g\m--w,\‘?
23| Secure HTV in a velostat bag with tape. \'&> w=le f az
| Perform A3.10.2 pressurized envelope leak test on HTV. MSLD calibrated: \&jd /42
3 | Evacuate HTV and expose exterior to a tent of helium Al

while monitoring the MSLD.2

HTV leak rate: «3 2vac 9

..
1

4 Load HTV in H1616 with longest dimension vertical. \o}o\ lc‘z, _ . -
' ; - \olaiRd
5 Perform evacuated envelope helium leak test on the HTV 'Ibei-l‘ll)cg.fclil;I:TCd. '
while in the H1616. The H1616 will act as a bell jar.2 PN
Complete assembly of the H1616 containment vessel and . \eangeT 3
: . pressure rise -¥3
6 | perform post load innerseal pressure rise leak test. Assem- leak rate: | o6 v, 4
ble H1616 overpack. eakrate: | fi v
7 | Transport H1616 to test facility in Building 860. ¢ L c cL p
8 | Conduct vibration and shock test. velve - veaw e ¥
9 | Transport H1616 to building 809. Ls e o
10 Perform innerseal pressure rise leak test to verify integrity | pressure rise \\/A
of the H1616 containment vessel following the tests. leak rate: 6 e
Hook MSLD up to H1616 and monitor for helium. This MSLD ahbrat :
11 | step checks the leaktightness of the HTV during and fol- \o[va (e .
lowing the tests.? HTV leak ratc <z
12 Disassemble H1616 and remove and inspect HTV for <¢o Meves
damage or unusual conditions.? s
13 | Verify that there is pressure in the HTV.2 pressure: . \.4(1; Bt
14 | Vent HTV and inspect for damage.? wofzelan @ ‘
15 | Verify function of valves and fittings on the HTV2 : -

L /
\oi'z:~:.(11_ =

* Hold point, if HTV fails evaluation notify WSRC.
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Appendix D - Contmi Accelerometer Data
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Figure D.1. Aircraft Cruise
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HANDLING SHOCK ACCELERATION TIME HISTORY
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Figure D.4. Handling Shock Time History
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